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CHAPTER The
First Trimester

Sonographic Protocols
Normal First Trimester

Abnormal First Trimester—Failed Pregnancy

SONOGRAPHIC PROTOCOLS

During the first trimester of pregnancy, the standard sonographic exam is
performed to assess the following:

e Presence of gestational sac

* Size of sac

e Location of sac

* Number of sacs

* Presence of a yolk sac

e Presence of an embryo/fetus

e Cardiac activity (using a two-dimensional video clip or M-mode imaging)
Spectral and color Doppler imaging is avoided whenever possible during the

first trimester as it is associated with a higher exposure to acoustic energy. In
addition, the examination should assess the following structures:

e Uterus

e Cervix

* Adnexa

e Cul-de-sac
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The rest of this chapter rehearses the development of
a pregnancy during the first trimester, including both
normal and abnormal sonographic findings, targeted
protocols, and diagnostic criteria.

NORMAL FIRST TRIMESTER

The first trimester of a pregnancy begins with the first
day of the woman's last menstrual period (LMP) and
ends 10 weeks later. The end of the first trimester marks
the point when all organ systems have been differenti-
ated and are in place and the embryo has become a
fetus. It is important to note that, although ovulation typi-
cally occurs 14 days after the first day of the menstrual
period, the first day of the last menstrual period—not
the date of conception—determines the beginning of a
pregnancy in clinical obstetrics. The term for the gesta-
tional age based on this date is menstrual age, and it is
this age on which ultrasound charts and biometric mea-
surements are based. Embryologic tests, by contrast,
are based on conceptual age, the age from conception,
which lags behind menstrual age by 2 weeks. Gestational
age is covered in more detail later in this chapter.

PREGNANCY DIAGNOSIS

Three main diagnostic tools are used in the diagnosis
of pregnancy: patient history and physical examination
(H&P), laboratory evaluation, and sonography.

Patient History and Physical Examination

Assessing the patient’s history—particularly the date
of the onset of the last menstrual period, along with
information about historical frequency of menstrual
periods, flow, and duration—is the initial approach.

A missed menstrual period accompanied by nausea,
vomiting, generalized malaise, and breast tenderness is
often considered diagnostic of early pregnancy. How-
ever, normal implantation bleeding, which occurs at
about the same time as an expected menstrual period,
may confuse the clinical presentation.

A physical examination will reveal a gravid uterus (the
uterus during pregnancy), which will be enlarged on
bimanual examination, and Chadwick’s sign (a bluish
discoloration of the cervix), which will be observed by
8-10 weeks. Goodell’s sign (softening of the vaginal por-
tion of the cervix), Hegar's sign (softening of the uterine
isthmus), and hyperpigmentation of the linea alba (the
fibrous structure that runs down the abdominal midline)
are other physical signs associated with early pregnancy.

Laboratory Evaluation

Laboratory evaluation typically centers on assays for
the beta subunit of human chorionic gonadotropin
(beta-hCG) in maternal serum, but other hormones that
have been used in the early diagnosis of pregnancy
include progesterone and early pregnancy factor.

Progesterone

In a normal first trimester pregnancy, progesterone
levels rise to multiples of those observed during the
nonpregnant state and are an indicator of the integ-
rity of an intrauterine gestation. Typical serum levels
range from 10 to 44 nanograms per milliliter (ng/ml);
laboratory values less than expected raise suspicion
for ectopic pregnancy and are also associated with an
increased risk of failed intrauterine pregnancy.

Early Pregnancy Factor

Early pregnancy factor (EPF) is a protein produced by
the conceptus within hours after fertilization and is

the earliest laboratory evidence of pregnancy. Because
EPF is produced prior to implantation, abnormal values
may indicate embryo loss prior to implantation, earlier
than can be discerned using hCG and/or progesterone
assays. EPF is measured using the rosette inhibition test
(RIT), which yields either positive or negative results.

Human Chorionic Gonadotropin

Human chorionic gonadotropin is a glycoprotein similar
in structure to follicle-stimulating hormone (FSH),
luteinizing hormone (LH), and thyrotropin. It is com-
posed of alpha and beta subunits and can be detected
in the maternal serum as early as 6-8 days post
conception. Qualitative serum beta-hCG testing, which
yields a simple positive or negative result, has a thresh-
old of about 25 million International Units per milliliter
(mIU/ml). Quantitative serum evaluation is more sensi-
tive, with a threshold as low as 1 miU/ml, and provides
a numeric value that can be followed serially and cor-
related with a normally progressing gestation to rule
out a failed pregnancy.

Human chorionic gonadotropin is secreted by
physiologically active trophoblastic tissue. Because
every intact conceptus, intrauterine or ectopic, con-
tains trophoblastic tissue, the presence of the beta
subunit of this glycoprotein hormone in maternal blood
is strong evidence of pregnancy. A “negative” beta-
hCG blood test (that is, one resulting in undetectable
levels by radioimmunoassay) essentially excludes the



Table 1-1. Discriminatory levels of serum
beta-hCG.
US Method 1st IRP or 2IS (miu/ml)
3IS (miu/ml)
Endovaginal 1000-2000 500-1000
Transabdominal 3600 1800

diagnosis of a live pregnancy anywhere in the body.
"Positive” results, which are evident at approximately
23 menstrual days (9 days post conception), confirm
the presence of viable trophoblastic tissue somewhere.

Three different reference standards have been used
to measure beta-hCG. The system known as the First
International Reference Preparation (1st IRP, some-
times referred to as FIRP) was developed first, and
later the Second International Standard (2IS) came into
use.? In samples that have equivalent beta-hCG levels,
the numeric result using the 2IS system is approxi-
mately double the result using the 1st IRP system. The
Third International Standard (3IS) yields levels similar
to those of the 1st IRP, and therefore many labs have
reverted to using the 1st IRP in reporting results. While
exact values can vary slightly from one laboratory to
the next, typical values for the three measuring sys-
tems have been established (Table 1-1).

A correlation can be made between sonographic
identification of the gestational sac in early pregnancy
and maternal serum beta-hCG levels. Discriminatory
serum levels are defined as those at which an intra-
uterine pregnancy (IUP) will always be seen if, indeed, it
is present within the endometrial cavity. If an intrauter-
ine pregnancy is not identified at these levels, a failed
pregnancy, as discussed below, is highly suspected.

Sonographic Diagnosis of Preghancy

Sonographic diagnosis of early pregnancy is the final
piece of the diagnostic triad, providing visual informa-
tion about the uterine contents and adnexa. The role of
sonography in diagnosing the presence of early preg-
nancy is well established and is based on the identi-
fication of normal intrauterine gestational structures

in a patient with correlative clinical and/or laboratory
findings. The specific roles and diagnostic criteria used
in evaluation of early pregnancy are discussed through-
out the rest of this chapter.

The First Trimester |

Table 1-2. Early pregnancy time line: menstrual
vs. conceptual age.
Event Gestational Age (Days)
Menstrual Conceptual
(Clinical) (Embryologic)
LMP begins 1 n/a
Ovulation 14 n/a
Fertilization 15-16 1-2
Conceptus enters
uterine cavity 18-19 4-5
Implantation 21-22 7-8
Gastrulation 29-30 15-16
Neurulation starts 35 21
Neurulation ends 42 28
Heart septation starts 43 29
GESTATIONAL AGE

As mentioned previously, the term gestational age can
refer to either of two methods for dating a pregnancy.
An embryologic approach calculates gestational age
based on when fertilization occurs and is called con-
ceptual age. In a theoretically perfect 28-day menstrual
cycle, fertilization occurs 24-36 hours after ovulation.
If ovulation transpires on day 14, as is assumed in this
perfect menstrual cycle, then fertilization of the ovum
happens 15-16 days after the beginning of the last
menstrual period.

In clinical obstetrics, however, the exact date of ovula-
tion is usually unknown, so gestational age is calcu-
lated based on the last menstrual period, a clinically
observable event, and is called menstrual age. When
calculated from the first day of the last menstrual
period (LMP), gestational age is expressed as menstrual
weeks; when calculated from the moment of concep-
tion, conceptual weeks. Conceptual age is roughly 2
weeks (14 days) less than menstrual age.

In this book, unless otherwise specified, all presenta-
tions of gestational age are calculated based on the
beginning date of the last menstrual period. While the
distinction is important in understanding first trimes-
ter events, it becomes less so as the gestation passes
from the embryonic to the fetal period at about week
10. (Examples of the two systems for key events in
early pregnancy appear in Table 1-2.)
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First polar body

Meiotic spindle

Figure 1-1. Fertilization.

FERTILIZATION AND EMBRYOLOGY

The early development of the conceptus/embryo can
be summarized as follows, using menstrual ages.

Conceptus Period: Weeks 3-5

Menstrual weeks 3-5 (conceptual weeks 1-3) consti-
tute the conceptus period.

Menstrual Week 3/Days 15-21: Early Development
of the Conceptus

Days 15-16: Fertilization of the oocyte or (when
mature) ovum (the female gamete) by the
spermatozoon or sperm cell (the male gamete)
occurs within 24-36 hours of ovulation on day 14
(Figure 1-1).

Days 16-18: The zygote (fertilized egg) traverses the
fallopian tube (Figure 1-2).

Morula

&
E

t—ceII
stage

|

Blastocysts

Posterior
uterine wall

Four-cell

Figure 1-2. Tubal transit of the zygote.

Zona pellucida

/\A Corona radiata
_[Af

Secondary oocyte

Day 17: 8-cell stage.
Day 18: 12- to 16-cell stage, known as the morula.

Day 18 or 19: The morula enters the uterus and
begins transformation into the blastocyst, a hollow
ball of cells with a single germ layer.

Days 18-21: The blastocyst cavity and inner cell
mass form; the blastocyst cavity becomes the
primary yolk sac, amniotic cavity formation begins.

Menstrual Week 4/Days 22-28: Implantation,
Bilaminar Embryonic Disc, Amnion, and Chorion
A normal intrauterine pregnancy begins with the
implantation of the conceptus in the secretory endo-
metrium in the central portion of the uterine cavity.

e Days 21-22: Implantation of the blastocyst in the uter-
ine wall and formation of the syncytiotrophoblast,

stage Zygote

Fertilization

Two-cell

stage Oocyte in tube




the placental precursor (Figure 1-3). Vaginal bleeding
may occur at this time.

e Days 23-26: Transformation of the inner cell mass
into the bilaminar embryonic disc (Figure 1-4),
which has two germ layers, the epiblast and the
hypoblast.

e Days 27-28: Regression of the primary yolk sac
and formation of a secondary yolk sac and the
surrounding chorionic cavity. The amniotic sac
enlarges on the side of the embryo opposite the
yolk sac. The adjacent amnion and secondary yolk
sac (Figure 1-5) are sometimes visible sonographi-
cally within the chorionic cavity. This finding is
called the double bleb sign. At the beginning of the
fourth week, the gestational sac is about 1 mm in
diameter.

Menstrual Week 5/Days 29-30: Gastrulation

e Trilaminar disc. Formation of the trilaminar disc,
comprising the three primary germ layers: ectoderm,
endoderm, and mesoderm.

e Notochord: Formation of the primitive node and
streak and the rod-shaped group of cells that defines
the body’s primary supporting axis (the notochord).
The notochord forms within the embryonic plate
between the endoderm and ectoderm.

e Early embryo: The notochord induces development
of the structure of the early embryo and later devel-
ops into the nucleus pulposus of the discs of the
spinal column.

Menstrual Weeks 5-6/Days 31-42: Neurulation
and Vasculogenesis

e Days 31-42: Neural tube and neural plate: Forma-
tion of the neural plate, neural tube, and somites
(blocks of mesoderm located on either side of the
neural tube), which develop into the central nervous
system.

Day 35: Neural tube formation (neurulation) begins
(Figure 1-6A) and the first somites appear.
Day 40: The rostral (head) end of the neural tube
closes.
Day 42: The caudal (sacral) end of the neural tube
closes and neurulation ends (Figure 1-6B).

e Days 35-42: Formation of primitive blood cells

(hematogenesis), blood vessels (angiogenesis), fetal
heart, and placental vasculogenesis.

The First Trimester

Sz, >—— Glandular

U secretion
Syncytiotrophoblast
Inner cell mass
Cytotrophoblast

Blastocyst cavity

L— Maternal
blood in
lacunae

— Bilaminar
embryonic
disc

Endometrial
epithelium

Extraembryonic
mesoderm

Figure 1-4. Bilaminar embryonic disc.

Primary
yolk sac

chorionic
villus

yolk sac

Bilaminar Extraembryonic

embryo somatic mesoderm
Remnant Endometrial epithelium
of primary
yolk sac

Figure 1-5. Secondary yolk sac.
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A Neural plate
INeural  Neural | )
groove  fold Amnion
~— Notochord

— Intraembryonic
mesoderm

— Wall of yolk sac
Figure 1-6. A Neurulation begins. B Neurulation ends.

Embryonic Period: Weeks 6-10

During menstrual weeks 6-10 (conceptual weeks
4-8)—the embryonic period—nearly all permanent
internal and external structures are formed (a few of
the morphologic developments listed below occur after
10 weeks).

Cardiovascular System
» Week 6: Unidirectional blood flow begins.
* Week 8: Formation of the heart is complete.

e Week 10: Formation of the peripheral vascular
system is complete.

e For more on the fetal cardiovascular system, see
Chapter 7.

Gastrointestinal System
* Week 6: Formation of the primitive gut is complete.

* Week 8: The rectum separates from the urogenital
sinus.

* Weeks 8-12: The midgut herniates into the umbilical
cord and then returns to the abdomen.

e Week 10: The anal membrane perforates.

e For more on the fetal gastrointestinal system, see
Chapter 9.

Urogenital System
e Week 8: The primitive kidneys (metanephroi) begin to
form and descend into the abdomen.

e Week 11: Kidneys are in the adult position; external
genitalia are visually similar in males and females.

* Week 14: Differentiation of external male and female
genitalia is complete.

e For more on the fetal urogenital system, see
Chapter 10.

Neural crest

Surface ectoderm
Neural tube

— Somites

— Dorsal aortae

— Yolk sac

Musculoskeletal System
e Weeks 5.5-6: Formation of limb buds is complete.

e Weeks 7.5-8: Digital rays develop; arms are bent at
the elbow.

e Week 8: The clavicle begins to ossify.

e Week 9: The mandible, palate, vertebral bodies, and
neural arches begin to ossify.

e Week 11: The long bones begin to ossify.

¢ For more on the fetal musculoskeletal system, see
Chapter 8.

Sonographic Signs—Early Intrauterine
Pregnancy

The identification of a gestational sac (GS) within the
endometrial cavity is the first sonographic evidence
that a normal intrauterine pregnancy is present. A
gestational sac is always seen in a normal intrauterine
pregnancy when the following discriminatory levels?
are achieved:

e Serum beta-hCG = 800-1000 mIU/ml (endovaginal)
using 2IS.

e Serum beta-hCG = 1800 mIU/ml (transabdominal)
using 2IS.

e Certain last menstrual period = 5 weeks.

» Decidual thickening: The earliest sonographic sign
of pregnancy is focal thickening of the echogenic
decidua at the site of implantation.* This finding is
quite subtle, and the predictive value of the finding
has not been established.

GESTATIONAL SAC

The fluid-filled gestational sac is first visible at about
4.5-5 menstrual weeks, and it is the first definitive
sonographic sign of pregnancy (Figure 1-7A).



Endovaginal scanning can reliably visualize a gesta-
tional sac in the uterus by 5 weeks, when the mean
sac diameter (MSD) is 2-3 mm, and transabdominal
scanning can visualize the gestational sac by 6 weeks,
when the mean sac diameter reaches 5 mm. A nor-
mal gestational sac appears as a small fluid collection
surrounded by an echogenic rim. The central lucency
represents fluid in the chorionic cavity, while the sur-
rounding echogenic rim represents developing chori-
onic trophoblastic tissue and adjacent decidual layers.
When the sac is measured, the largest diameter is
selected.

Sonographic Signs—Gestational Sac

The following are the characteristic sonographic signs
of a normal intrauterine gestational sac (Figure 1-7B):

Round, oval, well defined.

Echogenic, intact borders.

Positioned in the fundus or mid uterus.
Growth =~ 1 mm/day.

The First Trimester

Figure 1-7. A Early intrauterine preg-
nancy: longitudinal view of a pregnant
uterus containing a small echolucency
(arrow) most likely representing an early
intrauterine pregnancy. B Normal intra-
uterine gestational sac, 6 weeks. A well-
circumscribed, anechoic sac positioned
in the central portion of the uterine
cavity. There are intact, echogenic bor-
ders representing developing chorionic
trophoblastic tissue and decidual layers.

¢ Yolk sac present when mean sac diameter is = 13 mm.

e Intradecidual sign: The sonographic presence of a
small gestational sac within the decidua at approxi-
mately 4-4.5 weeks, with a mean sac diameter of
approximately 2.5 mm, is known as the intradecidual
sign. To distinguish a true intradecidual sign from a
decidual (endomettrial) cyst, the sonographer must
be sure that the gestational sac is directly adjacent
to the endometrial canal. Because the intradecidual
sign can sometimes mimic a pseudogestational sac
of ectopic pregnancy, its value appears somewhat
limited.

e Double bleb sign: At 5.5 menstrual weeks, the devel-
oping amniotic sac measures about 2 mm in diam-
eter and becomes visible adjacent to the yolk sac
(Figures 1-8A and B). This double sac appearance is
called the double bleb sign. At this time the bilaminar
embryonic disc lies between the yolk sac and the
amnion. The double bleb sign is no longer visible by
7 menstrual weeks.

Figure 1-8. A Schematic and B cor-
relative sonogram demonstrating the
double bleb sign. An early amniotic sac
is visible adjacent to the yolk sac. 1 =
decidua vera, 2 = decidua capsularis,
3 = decidua basalis, 4 = yolk sac,

5 = amniotic sac.
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e Double decidual sac sign: The echogenic ring formed
by the decidua vera (parietalis) and decidua capsu-
laris is called the double decidual sac sign (or double
sac sign). The decidua basalis (future placenta) may
be visualized as an area of echogenic thickening
on one portion of the sac. This sign can typically be
visualized by 5.5-6 menstrual weeks (Figures 1-9A
and B), when the mean sac diameter is =8 mm.® As
the use of high-resolution transvaginal sonography
has become more extensive, the double sac sign has
come to play a less significant role in the diagnosis
of pregnancy.

YOLK SAC

The secondary yolk sac is the earliest embryonic
structure identified sonographically and is reliably
demonstrated by 5 weeks in a normal gestation. The
yolk sac initially produces red blood cells needed by
the primitive circulatory system.

Figure 1-10. Sonogram of a gestational sac with a yolk sac
(arrow) situated normally between the amnion and chorion.

Figure 1-9. A Schematic and B correla-
tive sonogram demonstrating the double
decidual sac sign. Echogenic ring formed by
two decidual layers surrounding the gesta-
tional sac. 1 = decidua vera, 2 = decidua
capsularis, 3 = decidua basalis,

4 = yolk sac.

High-frequency (7-10 MHz) transvaginal sonography
is required to consistently visualize yolk sacs in 8 mm
gestational sacs. The inability to demonstrate a yolk
sac when the mean sac diameter is = 8 mm or when
serum beta-hCG levels have reached discriminatory
levels is consistent with a failed pregnancy.

Sonographic Sighs—Yolk Sac

The following are the characteristic sonographic signs
of a normal yolk sac:

e Spherical in shape, with a sonolucent center and a
clearly defined echogenic wall (Figure 1-10)

* May be visualized when the mean sac diameter is
= 5 mm (at 5 menstrual weeks)

¢ Always visualized when the mean sac diameter is
= 8 mm (at 5.5 menstrual weeks)

EMBRYO

In a very early intrauterine pregnancy (<é weeks),
endovaginal sonography may reveal a small “embry-
onic bud,” measuring 1-2 mm and lying adjacent to
the yolk sac, with or without cardiovascular activity
(Figure 1-11). Absence of these findings at such an
early embryonic moment does not portend pregnancy
failure. By 6 weeks, however, an embryo with cardio-
vascular activity can be reliably demonstrated with
endovaginal sonography.

Sonographic Sighs—Cardiac Activity

Embryonic cardiac activity may be visualized when the
crown-rump length (CRL) is approximately 2-4 mm

and will be observed in normal embryos 5 mm or more
in length. In normal pregnancies the embryo will be
visualized when mean sac diameter is 5-12 mm, and



Figure 1-11. Embryonic bud (arrow) at 5.5 weeks, measuring
1-2 mm: echogenic focus within the gestational sac. The bud may
or may not demonstrate cardiovascular activity.

cardiac activity when mean sac diameter is 13-18 mm.

High-frequency (7-10 MHz) endovaginal sonography
probes, appropriate focusing, and low-persistence set-
tings are needed to image the embryo and heartbeat
adequately (Figures 1-12A and B). Some investigators
have correlated reduced cardiovascular activity in an
embryo with unfavorable pregnancy outcomes. At 5-6
weeks, 100-115 beats per minute (bpm) is a hormal
range for embryonic cardiovascular activity. By about
9 weeks, mean heart rate increases to =140 bpm,
where it remains for the duration of pregnancy. There
is evidence to suggest a correlation between reduced
embryonic cardiovascular activity and poor pregnancy
outcomes. Table 1-3 summarizes the association
between a reduced cardiac rate and pregnancy loss.

Documentation of embryonic cardiac activity during
the first trimester ultrasound examination is best
accomplished using M-mode rather than either color
Doppler imaging or pulsed Doppler spectral display.
Both Doppler modalities are associated with higher
levels of acoustic output and, in compliance with
ALARA® exposure standards, should not be used

Table 1-3. Embryonic bradycardia and

pregnancy loss.

Heart Rate (bpm) Pregnancy Loss Rate

<80 100%
80-90 64%
90-99 32%
>100 11%
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Figure 1-12. A M-mode and B color Doppler imaging
demonstrating embryonic cardiac activity at 6 weeks.

routinely in obstetric imaging when M-mode capabili-
ties are available. M-mode interrogation through the
embryonic heart yields a two-axis tracing that permits
calculation of heart rate by placing measurement cur-
sors at similar points in two separate cardiac cycles.
On-board software algorithms calculate heart rate.

Sonographic Signs—Gestational Viability

The primary value of endovaginal sonography in the
first trimester of pregnancy is its great sensitivity and
reliability in detecting early signs of gestational viability
(Table 1-4). The close correlation between the appear-
ance of specific sonographic signs and the normal
progression of pregnancy allows early detection of
abnormalities that portend a poor outcome.
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Table 1-4.

Measures of pregnancy viability using endovaginal sonography.

Age Mean Sac Diameter
Viability Measure (Menstrual Weeks) (mm)
Gestational sac may be identified 4.5
Gestational sac always identified 5
Yolk sac identified 5 10
Embryo detection 5-6 5-12
Cardiac activity identified 6-6.5 13-18

Underpinning the reliability of the sonographic find-
ings is the reliability of the dating of the pregnancy. As
significant embryonic events are unfolding on a daily
basis, uncertainty about the date of the last menstrual
period introduces uncertainty into the sonographic
findings. Normal variations in the first 14 days of the
menstrual cycle that delay fertilization will render even
firm dates for the last menstrual period somewhat
unreliable. As always in clinical practice, correlation
with physical findings and laboratory values, particu-
larly quantitative serum beta-hCaG titers, is essential for
a proper diagnosis (see Table 1-1).

Sonographic Sighs—Embryonic Anatomy

Embryonic development is rapid in the first trimester of
pregnancy. By 10 weeks, all major organ systems have
appeared and are in place; by 12 weeks, the embryo
has transitioned into a fully formed fetus.

Identifying anatomic structural anomalies is not usually
possible in the first trimester. However, there are three
normal embryonic anatomic findings that, if detected
in later trimesters, raise the specter of a major fetal
anomaly: midgut herniation, a prominent rhomben-
cephalon, and abnormal nuchal translucency.

Midgut Herniation

In an embryo, the primitive gastrointestinal tract
resides in the base of the umbilical cord, as much of
the abdominal cavity is filled with liver (Figure 1-13).
This normal physiologic herniation of the bowel occurs
at about 8 menstrual weeks (6 conceptual weeks)

and is reduced into the abdominal cavity by men-
strual week 12 (conceptual week 10). The sonographic
appearance of midgut herniation when observed

later than menstrual week 14 is consistent with an

omphalocele, a pathologic protrusion of part of the
large intestine—and, in many instances, other intra-
abdominal structures—through the anterior abdominal
wall. (See Chapter 9 for more on abdominal anatomy
and pathology.)

Prominent Rhombencephalon

The embryonic brain is a collection of cystic cavi-

ties surrounded by thin mantles of neural tissue. The
rhombencephalon, which in the fetus comprises the
hindbrain structures, can appear prominent, a nhormal
finding during the first and second trimesters. However,
if seen after the second trimester, this sonographic
finding suggests a Dandy-Walker malformation—cystic
dilatation of the fourth ventricle, hypoplasia or com-
plete absence of the vermis, an enlarged posterior
fossa, and hydrocephalus (Figure 1-14).

Figure 1-13. Embryonic midgut herniation: normal herniation of
intra-abdominal contents into the base of the umbilical cord (arrow)
at 10 weeks' gestation.



33.

34.

35.

36.

37.

All of the following are clinical signs associated
with gestational trophoblastic disease EXCEPT:

A. Beta-hCG levels less than expected for dates

B. Beta-hCG levels greater than expected for dates
C. First trimester vaginal bleeding

D. Hyperemesis gravidarum

Which of the following ovarian pathologies is
associated with hydatidiform mole?

A. Corpus luteum cysts
B. Follicular cysts

C. Paraovarian cysts

D. Theca-lutein cysts

What term refers to the pathologic entity in which
an intrauterine gestation is composed completely
of multisized hydropic villi?

A. Hydatidiform mole

B. Cornual preghancy

C. Anembryonic pregnancy

D. Hydropic degeneration of placenta

A rare form of gestational trophoblastic disease
in which molar tissue invades the myometrium or
adjacent anatomic structures is called:

A. Chorioadenoma destruens

B. Uterine choriocarcinoma

C. Placenta accreta

D. Placenta percreta

A patient presents with a serum beta-hCG titer

at discriminatory levels. She complains of lower-
quadrant pain and vaginal spotting. Sonographic
examination of the adnexa produces the results
shown in this image. The most likely diagnosis is:

38.

39.
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A. Complete abortion
B. Invasive mole

C. Ectopic pregnancy
D. Hydatidiform mole

A patient presents at a firm 8 weeks post LMP.
Her beta-hCG titers are consistent with 5.5 weeks.
She complains of mild vaginal bleeding and lower
midline pain. Endovaginal sonography yields this
image. The most likely diagnosis is:

A. Interstitial ectopic pregnancy
B. Missed abortion

C. Pelvic inflammatory disease
D. Hydrocolpos

Five days following an episode of brisk vaginal
bleeding accompanied by clots and tissue, this
patient returns to her practitioner with complaints
of continued bleeding, pain, and a mild fever. Her
beta-hCG levels are low positive. Sonographic
examination of the uterus yields this image. This
patient probably has a(n):

A. Ectopic pregnancy
B. Incomplete abortion
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C. Persistent trophoblastic neoplasia 42. A patient presents with a positive pregnancy test,
D. Choriocarcinoma vaginal bleeding, and mid-pelvic pain. A coronal
section through the uterus is presented in this
40. The sonographic findings in these images are most image. The most likely diagnosis is:
consistent with:

A. Missed abortion

B. Normal intrauterine pregnancy
C. Interstitial ectopic pregnancy

D. Gestational trophoblastic disease

43. A patient presents with a history of a hydatidiform
mole evacuated 3 months prior. Routine serum
surveillance demonstrates a sudden increase in
beta-hCG levels. This image raises the suspicion of:

A. Complete hydatidiform mole
B. Partial hydatidiform mole
C. Chorioadenoma destruens

D. Placental abruption

41. The arrow in this image of a 10-week fetus is
pointing to:

A. Stein-Leventhal syndrome
B. Retained molar tissue
C. Recurrent trophoblastic disease

D. Abdominal abscess
A. Gastroschisis

B. Normal embryonic midgut herniation
C. Omphalocele ANSWERS
D. Umbilical vein thrombosis See Appendix A on page 477 for answers.
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The Fetal Chest,
Lungs, and Heart

Lung Development and Anatomy
Heart Development and Anatomy
Sonographic Anatomy

Chest Abnormalities

The thoracic cavity, commonly called the chest, encompasses the heart, lungs,
great vessels, and mediastinal structures. It is bordered anterolaterally by the
rib cage and sternum and posteriorly by the spine. Its inferior boundary is
formed by the diaphragm, a thick bilateral muscular structure that separates

it from the abdominal cavity. Sonographic examination of all these component
anatomic structures is an integral part of a routine obstetric ultrasound exami-
nation beginning with the second trimester.

LUNG DEVELOPMENT AND ANATOMY

EMBRYONIC AND ALVEOLAR PERIODS

There are two periods of critical importance when monitoring for abnormali-

ties during pulmonary development:

e The embryonic period, from 3 to 6 conceptual weeks (5 to 7 menstrual
weeks), when the presence and integrity of normal anatomic structures in
the chest is established

e The alveolar period, beginning at 36 conceptual (38 menstrual) weeks,
which determines the maturity and proper functionality of the lungs at birth

151
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Genetic or toxic insults that adversely affect the proper
unfolding of pulmonary embryonic and developmen-
tal events will yield hallmark anatomic abnormalities.
Abnormalities originating during the embryonic period
result in the absence or malformation of fundamental
anatomic structures, such as the trachea, bronchial
tree, and alveolar bed. Abnormalities arising from later
developmental defects, during the alveolar period,
produce pathologic transformation of normally present
pulmonary tissue, resulting in undeveloped hypoplastic
lungs, cystic malformations, pleural effusion, and/or
other physiologic deficiencies that deliver a neonate
with acute, and often lethal, respiratory distress syn-
drome (RDS).

Pulmonary development begins around the end of the
5th menstrual week, when a single lung bud appears
at the distal end of each primordial bronchus (embry-
onic period). There are four additional stages of lung
development:

e Pseudoglandular or embryonic phase, conceptual
weeks 7-17 (menstrual weeks 9-19): During this

Pseudoglandular phase

phase the air-conducting bronchi and terminal bron-
chioles form (Figure 7-1A). This includes the embry-
onic period described above.

Canalicular phase, conceptual weeks 17-27 (men-
strual weeks 19-29): During this phase lung tissue
becomes vascularized and the lumina of the bronchi-
oles and the alveolar ducts enlarge (Figure 7-1B).

Terminal sac or saccular phase, conceptual weeks
28-36 (menstrual weeks 30-38): This phase is char-
acterized by the appearance of primordial alveoli and
a capillary bed that is sufficiently formed to permit
respiratory function adequate for survival outside the
uterus (Figure 7-1C).

o Alveolar phase, conceptual week 36 (menstrual
week 38) to 2 years: During this phase the number
of terminal bronchioles and alveoli increases (Figure
7-1D). The exact time of its onset overlaps with the
terminal sac phase; the time of its exact onset varies
among experts.

An important biochemical component of the final two
stages of lung development is pulmonary surfactant,

Canalicular phase

. Capillaries—/
gonnect|\|/|e —— Respiratory
issue cells ) bronchioles
Terminal sac —1
L — Terminal
—— Connective — bronchiole
tissue
. = Alveoli
Capillary ——
L — Alveolar
| —— Respiratory —— capillary
bronchioles membrane
—— Alveolus

Elastin fiber — — Terminal —~
bronchiole =— Fibroblasts
Smooth —— Squamous
muscle cell epithelium

Figure 7-1. Pulmonary embryology. A Pseudoglandular phase, 7-17 conceptual (9—19 menstrual) weeks.
B Canalicular phase, 17-27 conceptual (19-29 menstrual) weeks. C Terminal sac or saccular phase, 28-36
conceptual (30-38 menstrual) weeks. D Alveolar phase, beginning at 36 conceptual (38 menstrual) weeks

and ending at 2 years. (Sources vary on exactly when phases begin.)



a lipoprotein produced by the alveolar cells of the
lungs. Its primary physiologic function is to increase the
compliance of the fetal lung—its ability to expand to
accommodate an air volume that will permit adequate
oxygen perfusion postnatally. Pulmonary surfactant
also regulates the size and expansion of the alveolar
bed and serves to normalize surface tension in the
alveolar spaces, keeping the tiny air sacs open and
available for gaseous exchange. Surfactant levels can
be measured on amniotic fluid as an indicator of fetal
lung maturity (see "Amniotic Fluid” below).

During the entire fetal period, four conditions are
required for adequate lung development. If any of
these factors is absent or significantly compromised,
the lungs will not develop into the functional respira-
tory organs that are required to support life outside the
uterus. The four conditions are:

e Adequate thoracic space

¢ Normal fetal breathing movements
¢ Fluid production in the lungs

e Adequate amniotic fluid volume

AMNIOTIC FLUID

While all four of the factors mentioned above are
requisite for normal lung development, amniotic fluid
plays a uniquely important role. Adequate pulmonary
function at birth depends on an adequate and mature
surfactant system in utero, comprising lipoproteins
suspended in amniotic fluid. While in the third trimester
these biochemical markers can be assessed with labo-
ratory analysis of amniocentesis specimens, in earlier
stages of pregnancy sonographic assessment of fluid
volume provides valuable diagnostic and prognostic
information.

Before 15-20 menstrual weeks, amniotic fluid is
derived primarily from the maternal perfusion activity
of the chorioamnion. However, in the mid to late
second trimester and in the third trimester, it is
produced primarily by fetal urine. Amniotic fluid serves
several functions:

e It cushions the fetus against injury.

It allows for free movement of the fetus.
It is essential for fetal lung development.
It provides a source of fetal nutrition.

It aids in maintaining fetal temperature.
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Estimating Amniotic Fluid Volume

Normally the volume of amniotic fluid surrounding

the fetus gradually increases through early pregnancy
until it reaches a maximum of approximately 800 ml at
about 33 menstrual weeks, decreasing gradually there-
after. The increase in amniotic fluid volume during the
second trimester reflects the increased urine output of
the fetus. The decrease in the later part of pregnancy
reflects increased fetal swallowing and decreased fetal
urine output.

Many different methods have been described to
estimate the amount of amniotic fluid present within
the uterus. The primary methods are subjective visual
assessment on sonography, the maximum vertical
pocket method, and the four-quadrant amniotic fluid
index (Table 7-1).

Subjective Assessment

The oldest and still one of the most accurate meth-
ods of assessing amniotic fluid volume is a subjec-
tive visual assessment of the amount of fluid present
while scanning the pregnancy in real time. Early in
the second trimester, the volume occupied by the
fetus is about equal to the volume of amniotic fluid.
The fetus does not appear confined within the uterus
and is seen to move freely within the surrounding
fluid. Throughout the second and third trimesters,

the volume of the fetus increases relative to the
volume of fluid, and in late pregnancy the amount of
fluid appears small in comparison with the fetus. The
disadvantage of the subjective assessment method is
that it is not a metric, making it unreliable for follow-up
examination.

Maximum Vertical Pocket Estimate

The maximum vertical pocket (MVP) method, some-
times called the single deepest pocket (SDP) method, is
obtained by measuring the anteroposterior (AP) dimen-
sion (depth) of the largest pocket of amniotic fluid

that is void of both fetal parts and umbilical cord. This
metric is valid throughout the third trimester. A pocket
measuring 2-8 cm is considered normal.

Four-Quadrant Amniotic Fluid Index

With the four-quadrant amniotic fluid index (AFI),
measurements are taken in each of four uterine
guadrants, and the greatest vertical (anteroposterior)
measurements are summed. Except at the extreme
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Table 7-1. Amniotic fluid index (AFI) values in

normal pregnancy.

Menstrual Percentile
Week Values (cm)

2.5th 5th 50th 95th 97th
16 7.3 7.9 12.1 18.5 201
17 7.7 8.3 12.7 19.4 21.1
18 8.0 9.7 13.3 20.2 22.0
19 8.3 9.0 13.7 20.7 22.5
20 8.6 9.3 14.1 21.2 23.0
21 8.8 9.5 14.3 21.4 233
22 8.9 9.7 14.5 21.6 23.5
23 9.0 9.8 14.6 21.8 23.7
24 9.0 9.8 14.7 21.9 23.8
25 8.9 97 14.7 221 24.0
26 8.9 9.7 14.7 22.3 24.2
27 8.5 9.5 14.6 22.6 24.5
28 8.6 9.4 14.6 22.8 24.9
29 8.4 9.2 14.5 23.1 25.4
30 8.2 9.0 14.5 23.4 25.8
31 7.9 8.8 14.4 23.8 26.3
32 7.7 8.6 14.4 24.2 26.9
& 7.4 8.3 14.3 24.5 27.4
34 7.2 8.1 14.2 24.8 27.8
S5 7.0 7.9 14.0 24.9 27.9
36 6.8 7.7 13.8 24.9 27.9
37 6.6 7.5 13.5 24.4 27.5
38 6.5 7.3 13.2 23.9 26.9
39 6.4 7.2 12.7 22.6 25.5
40 6.3 7.1 12.3 21.4 24.0
41 6.3 7.0 11.6 19.4 21.6
42 6.3 6.9 11.0 17.5 19.2

Source: Reprinted with permission in modified form from Moore TR,
Cayle JE: The amniotic fluid index in normal human pregnancy. Am J
Obstet Gynecol 162:1168, 1990.

percentiles, a progressive increase in the AFI is noted
until approximately 28 menstrual weeks (Table 7-1).
After that, the AFI slowly decreases.

o After 30 menstrual weeks, the normal AFI generally
falls between 10 and 20 cm at the 50th percentile
(AFI varies at higher and lower percentiles).

e An AFl = 5 cm is consistent with oligohydramnios.

e An AFl = 20 cm is consistent with polyhydramnios.™ 2

Figure 7-2. Polyhydramnios. Sector scan through the gravid
uterus at 18 menstrual weeks' gestation demonstrating an exces-
sive amount of amniotic fluid completely surrounding the fetal
abdomen.

Amniotic Fluid Abnormalities
Polyhydramnios

Polyhydramnios (Figure 7-2) is commonly defined as
an AFI of 20 cm or greater. It is commonly caused
by conditions that result in increased urinary or
respiratory fluid production or conditions that result
in decreased fetal swallowing. Common causes of
polyhydramnios include:

¢ |diopathic causes, which may be related to:
Fetal swallowing abnormalities
Fetal renal insufficiency
Gastrointestinal tract absorption abnormalities
e Fetal anomalies:
Fetal neural tube defects
Fetal gastrointestinal obstructive anomalies
Fetal hydrops
Trisomy 18 (Edwards syndrome)
Cystic hygromas
Placental abnormalities
Intrauterine infection

Maternal diabetes mellitus

Twin-to-twin transfusion syndrome
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Figure 7-5. The human cardio- Sinus venosus
vascular system at 6 menstrual
(4 conceptual) weeks. Reprinted
with permission from Moore KL,

Persaud TVN, Torchia MG: The

Pharyngeal
arch arteries

. . Amniotic
Developing Human: Clinically cavity
Oriented Embryology, 9th edition.

Philadelphia, Elsevier Saunders, Amnion ——
2013, p 291. (Re-rendered for this
publication.) Aortic

sac

Vitelline artery

Yolk sac

* Phosphatidylglycerol (PG) appears at about the
time of lung maturity (35 menstrual weeks). If
phosphatidylglycerol is identified in amniotic fluid,
it is unlikely that the fetus will develop respiratory
distress after delivery.

e Surfactant-protein A (SP-A) measures the level of a
protein synthesized primarily in the alveoli of the lung
and excreted into amniotic fluid. Diminished levels
are associated with neonatal respiratory distress.

HEART DEVELOPMENT AND ANATOMY

EMBRYOLOGY

The cardiovascular system begins its nonstop sup-
porting role in the life of a human organism when the
primitive circulatory system, powered by a single-
chambered tube, begins to beat at 22 days after con-
ception. By the beginning of the 6th menstrual week,
the bulbous, hollow cardiovascular channel has already
established vascular communication with the maternal
circulation in the chorion and with the main embryonic
circulation via the cardinal veins and intersegmental
arteries (Figure 7-5).

The drumstick-shaped truncus arteriosus, sitting cra-
niad to the bilobed bulbus cordis, partitions into the
great arteries—the aorta and the pulmonary trunk—by
the end of the 7th menstrual week (Figure 7-6). Ridges
of tissue arise along the walls of the bulbus cordis and,
over several days, spiral into the aorticopulmonary
septum, which partitions the aorta and pulmonary

f&
Embryonic

heart

Vitelline vein "‘

Cardinal veins: anterior,
common, posterior

Dorsal intersegmental
arteries

=7

Dorsal aorta

Umbilical artery

s

Umb|I|caI vein

Umbilical cord Chorlon

trunk. Interference with this embryonic partitioning
mechanism will result in a congenital conotruncal car-
diovascular anomaly, as described on pages 176-180.

Partitioning of the primordial heart begins around the
middle of the 6th and is complete by the end of the 7th
menstrual week (Figure 7-7). The membranous septum
primum grows from the roof of the single atrial cham-
ber toward the centrally located endocardial cushions
(plugs of cardiac mesenchymal tissue). The septum
secundum also grows adjacent to the septum primum
and together they form the embryonic atrial septum.
This septum partitions the right and left atria, leaving

a gap that will ultimately become the foramen ovale.

In the single lower chamber, the primordial interven-
tricular septum arising from the apex grows upward to
separate right and left ventricles, leaving an interven-
tricular foramen that permits cross-circulation until the
end of the 9th menstrual week.

In the central portion of the primordial heart, endo-
cardial cushions grow outward and upward, fusing
with the septum primum descending from above and
with the interventricular septum arising from below
to form the complex, valve-containing atrioventricular
partitions.

Embryologic development of the fetal heart can be
summarized as follows:

e Cardiovascular tube formation, menstrual weeks
4.1-4.6: A linear tube forms and begins beating as
soon as it is formed.
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Figure 7-7. Chamber partitioning. Endocardial cushions grow
outward and upward, fusing with the septum primum descending
from above and with the interventricular septum arising from below
to form the complex, valve-containing atrioventricular partitions.

1 = foramen ovale, 2 = septum primum, 3 = endocardial cushions,
4 = interventricular foramen, 5 = interventricular septum, RA = right
atrium, LA = left atrium, RV = right ventricle, LV = left ventricle.

e Looping, menstrual weeks 5-6: The linear tube
bends into asymmetric right and left sides; distinct
chambers begin to form.

e Atrial septation, menstrual weeks 6.8-9: The atria

separate (septate) by the septum primum and sep-
tum secundum; endocardial cushions form.

Great
vessels

Aortic arch
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Figure 7-6. Embryologic
origin of A the truncus
arteriosus, which develops
into B the great vessels.
Ridges of tissue arise along
the walls of the bulbus cordis
and, over several days, spiral
into the gorticopulmonary
septum, which partitions the
aorta and pulmonary trunk.
Reprinted with permission
from Moore KL, Persaud TVN,
Left Torchia MG: The Developing
pulmonary  Human: Clinically Oriented
artery Embryology, 9th edition. Phil-
adelphia, Elsevier Saunders,
2013, p 311. (Re-rendered for
this publication.)

Aorticopulmonary
septum

e QOutflow tract separation, menstrual weeks 7-10: The
single outflow tract, or truncus arteriosus, begins to
develop into the aorta and pulmonary artery.

e Ventricular septation, menstrual weeks 7.4-8.6: The
two ventricular chambers are formed by the growth
of the interventricular septum. Embryologic develop-
ment of the heart is complete by approximately 9
menstrual weeks.

FETAL HEART ANATOMY AND
CARDIOVASCULAR CIRCULATION

By 11 menstrual weeks' gestation, the primitive embry-
onic heart has evolved into a four-chambered pump
that receives blood through a venous inflow system,
ejects blood via an arterial outflow system, and regu-
lates flow within its chambers with a series of valves
and temporary communication channels that seal off
after birth.

As in postnatal cardiac circulation, blood enters both
sides of the heart by way of large venous structures
that empty into the atria. On the right side, the supe-
rior and inferior venae cavae empty into the right
atrium. Blood is pumped past the tricuspid valve into
the right ventricle during diastole and out into the
lungs across the pulmonic valve via the pulmonary
arteries during systole. After circuiting through the
pulmonary microvasculature, blood returns to the left
atrium via the pulmonary vein. Crossing the mitral
valve during systole, blood fills the left ventricle and
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is pumped across the aortic valve into the systemic
circulation during systole.

Fetal cardiovascular circulation (Figure 7-8), however,
begins at the placenta. As the gaseous physiologic
exchange performed in prenatal lungs is carried out
by the placenta, fetal cardiovascular circulation shunts
a large volume of blood away from the nonfunction-

Figure 7-8. Sschematic overview of fetoplacental
circulation. Reprinted with permission from
Moore KL, Persaud TVN, Torchia MG: The
Developing Human: Clinically Oriented
Embryology, 9th edition. Philadelphia,
Elsevier Saunders, 2013, p 334.
(Re-rendered for this publication.)
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ing lungs and directly into the systemic circulation.
Oxygenated blood from the fetal side of placental
circulation travels through the single umbilical vein,
which pierces the fetal abdominal wall, courses
upward to the undersurface of the liver, and is directed
through and around the liver via the ductus venosus
and portal sinus. The portal sinus directs blood into the
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thoracic aorta). These vessels can be visualized as
early as 14 menstrual weeks in an axial view through
the upper mediastinum. At the same gestational age,
a sagittal plane can demonstrate the segments of

the aortic arch (Figures 7-12A and B) and the vessels
arising from it (Figures 7-13A and B)—including the
brachiocephalic (also called the innominate), left com-
mon carotid, and left subclavian arteries. The common
carotid arteries and jugular veins are also commonly
seen in the neck of an older fetus.

Concomitant with fetal lung development is the devel-
opment of associated pulmonary vasculature. The
pulmonary arteries arise from six different develop-
mental configurations of embryonic aortic arches.
These primitive vascular structures, which develop at

The Fetal Chest, Lungs, and Heart

Figure 7-12. sagittal
section through the aortic
arch demonstrating its
main thoracic segments.
A Schematic. B Sonogram.
A1 = ascending aorta,

A2 = gortic arch, A3 =
descending aorta, A4 =
thoracic aorta, LV = left
ventricle, RV = right
ventricle. (The blue vessel
in the schematic is the
internal jugular vein, not
visible in the accompanying
sonogram.)

Figure 7-13. Sagittal
close-up section through the
aortic arch demonstrating
the major vessels arising
from it. A Schematic.

B Sonogram. LV = left ven-
tricle, RV = right ventricle,
A1 = ascending aorta, A3

= descending aorta, BC =
brachiocephalic artery, C =
left common carotid artery,
SC = left subclavian artery.
(The blue vessel in the sche-
matic is the internal jugular
vein, not visible in the
accompanying sonogram.)

different times during early gestation, give rise to the
fetal aortic arch and all of its branches and to pulmo-
nary arterial vasculature. The pulmonary veins develop
as an outgrowth of the dorsal atrial wall.

HEART

The fetal heart can be most clearly imaged if the fetus
is in a supine position within the uterus. If the fetus

is lying on its side, the heart can still be imaged fairly
well through the ribs. If the fetus is lying in the spine-
up position, however, imaging cardiac structures is
much more difficult. To define the cardiac position and
situs, the sonographer must determine the position of
the fetus in the uterus (i.e., the fetal lie; see Chapter
12, pages 330-331) and must establish fetal laterality
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independent of the position of fetal internal organs. A
complete cardiac evaluation includes examining the
fetal heart in its entirety—its chambers, valves, and
connections to the great vessels.

Three main cardiac segments are assessed during the
course of a routine sonographic examination of the
fetal heart:

* The visceroatrial situs, which is important in localiza-
tion and lateralization of the atrium

e The ventricular loop, which is important in diagnos-
ing the relation of the ventricles to each atrium

e The truncus arteriosus, which is important for deter-
mining the relation between the great arteries and
the ventricles

The four valves of the heart that can be routinely visu-
alized sonographically are the following:

e Tricuspid valve: located between the right atrium and
the right ventricle

e Pulmonic valve: located between the right ventricle
and the pulmonary artery

o Mitral (bicuspid) valve: located between the left
atrium and the left ventricle

e Aortic valve: located between the left ventricle and
the aorta

Four-Chamber View

The four-chamber view (Figure 7-14A) is the single
most important view of the fetal heart and should

be obtained during the course of every routine sono-
graphic examination of a fetus. A large proportion of
cardiovascular anatomic abnormalities can be detected

on this single image. While additional views are often
necessary to evaluate and diagnose a particular abnor-
mality completely, variations seen in the four-chamber
view can direct the examiner to the additional echocar-
diographic information that should be obtained.

The four cardiac chambers can be identified by their
unique sonographic characteristics:

 The right atrium may be identified when scanning
in different anatomic planes and noting the hepatic
veins, inferior vena cava, and superior vena cava
draining into that structure. The flap of the foramen
ovale is noted opening from the right atrium into the
left atrium.

e The left atrium is posterior in location in comparison to
the right atrium, with the foramen ovale opening into
this chamber. The position of the spine is noted, with
the left atrium lying close to the vertebral column.

* The right ventricle is retrosternal in location, with
the tricuspid valve lower in position within the right
ventricle than the mitral valve is within the left ven-
tricle. There is also a large echogenic structure lying
within the apex of the right ventricle, the muscular
moderator band. The right ventricle lies retrosternal
in location.

» The left ventricle can be identified by the presence of
papillary muscles within the chamber. Echogenic foci
may be identified within the left ventricle. These are
thought to be attachments of the papillary muscles
and are not abnormal. The mitral valve is in a higher
location within the left ventricle than the tricuspid is
within the right ventricle. The apex of the heart and
the interventricular septum are just cephalad to the

Figure 7-14. Four-chamber view
of the fetal heart demonstrating
the major anatomic landmarks.

A Schematic. B Sonogram. LV =
left ventricle, RV = right ventricle,
LA = left atrium, RA = right atrium,
1 = foramen ovale, 2 = mitral
valve, 3 = tricuspid valve, 4 =
moderator band.
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Figure 7-23. Hallmark sonographic findings in diaphragmatic hernia, transverse sections through the thorax.
A Cardiomediastinal shift (arrow). B Bowel loops (arrow) at the same level of the heart (H). C Stomach (arrow)
in the thorax; H = heart, L = liver. D Color Doppler image of an hepatic vein (arrow) in the thorax; H = heart.

Associated Abnormalities

The following abnormalities are characteristically
associated with diaphragmatic hernia:

Pulmonary hypoplasia
Pulmonary sequestration
Trisomies 13, 18, and 21
Turner syndrome

Neural tube defects
Congenital cardiac anomalies

°

Sonographically, the most notable intrathoracic abnor-
mality in congenital diaphragmatic hernia is displace-
ment of the fetal heart toward the right chest wall.
Typically, the cardiac apex will be angled to the left.
More careful examination usually suggests either bowel
or stomach in the left hemithorax. A diaphragmatic

hernia can be differentiated from an intrathoracic
mass by failure to visualize the diaphragm on the
affected side. Typically in patients who have pulmonary
sequestration or cystic adenomatoid malformation,
the diaphragm will be visible below the lesion.

Sonographic Signs

The following are the characteristic sonographic signs
of diaphragmatic hernia:

e Cardiomediastinal shift to the nonherniated side of
the chest (Figure 7-23A)

e Stomach/bowel loops at the same level as the heart
(Figures 7-23B and C)

* Hepatic veins and liver in the thorax (Figure 7-23D)
e Absent bowel loops in the abdomen
¢ Polyhydramnios
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Cystic Adenomatoid Malformation of the Lung

Also called congenital pulmonary airway malformation
(CPAM), cystic adenomatoid malformation of the lung
(CAML) is an abnormality of lung development in which
normal lung is replaced by nonfunctioning cystic tissue.
It is usually unilateral and involves an entire lobe of the
affected lung. The prognosis for neonates born with
CAML varies widely and is dependent primarily on the
extent of lung replacement with anomalous tissue.
Mediastinal shift by a cystic adenomatoid malformation
mass is associated with an increased likelihood of

fetal demise. It is well established that many cystic
adenomatoid malformation lesions become relatively

Figure 7-24. Gross pathologic specimens
of cystic adenomatoid malformation of the
lung (CAML). A Type I: large, macrocystic
lesion. B Type II: multiple small cysts. C Type
Il in this example, noncystic lesions that have
produced a mediastinal shift.

smaller when compared with total lung volume as the
pregnancy progresses.

Three categories of cystic adenomatoid malformation
of the lung exist and are based on the size of the cysts
present in the lung:

e Type I. macrocystic, consisting of large cysts of vari-
able sizes, usually 2-10 cm; this is the most common
type, accounting for 70% of cases (Figure 7-24A).

o Type II: multiple small cysts (<1.2 cmy; this is a less
common type, accounting for 15%-20% of cases
(Figure 7-24B).

e Type lIl: microcystic (<0.5 cm) or noncystic lesions
producing a mediastinal shift; this type accounts for
less than 10% of cases (Figure 7-24C).

Associated Abnormalities

The following abnormalities are characteristically associ-
ated with cystic adenomatoid malformation of the lung:

e Pulmonary sequestration
e Renal agenesis

Sonographic Signs

The following are the characteristic sonographic signs

of cystic adenomatoid malformation of the lung:

e Type I: nonvascular cystic masses in the fetal lung
(Figure 7-25A)

* Type Il homogeneously echogenic lobe(s) (Figure
7-25B)

e Type lIl: mediastinal shift with lateral displacement of
the heart (Figure 7-25C)
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Figure 7-25. Hallmark sonographic findings in cystic adenomatoid mal-
formation of the lung (CAML). A Type I: nonvascular cystic lesions in the lung
(arrows). B Type II: homogeneously echogenic lung lobe. L = lung, Li = liver.
C Type lll: mediastinal shift with heart (H) displaced to the right by cystic
mass (CM) in the left hemithorax.

Tracheal Atresia

Tracheal atresia is a rare pulmonary anomaly in which
the trachea fails to form or is obliterated by external
compression of the airway structures. It is a uniformly
lethal condition. The level of tracheal obstruction is
typically at the larynx.

Associated Abnormalities

The following abnormalities are characteristically
associated with tracheal atresia:

¢ Renal anomalies

e Central nervous system malformations
» Tracheoesophageal atresia
Sonographic Signs

The following are the characteristic sonographic signs
of tracheal atresia:

o Bilateral diffusely echogenic lungs
Fluid-filled trachea (Figure 7-26)

Enlarged lungs adjacent to a relatively small,
compressed heart

Reduced cardiothoracic circumference ratio
Polyhydramnios

cm

Figure 7-26. Coronal section through the fetal chest in a fetus
with tracheal atresia demonstrating a fluid-filled trachea (arrow)
coursing between the pulmonary vasculature (arrowheads).
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Table 7-3. Sonographic appearance of chest

masses.
Appearance Mass
Cystic CAML type |

Bronchogenic cyst

Congenital diaphragmatic hernia
Enteric cyst

Mediastinal meningocele
Esophageal duplication cyst

Cystic and solid CAML type Il

Enteric cyst

Teratoma (pericardial)

Congenital diaphragmatic hernia
Mixed CAML type Il and sequestration
Pulmonary sequestration

Thoracic neuroblastoma

solid CAML type IlI
Pulmonary sequestration
Congenital diaphragmatic hernia

Chest Masses

Unilateral fetal chest masses are summarized in Table
7-3. Mediastinal masses—including teratomas, enteric
cysts, and thymic masses—are rare, but because they
dramatically distort the normal sonographic appear-
ance of the fetal chest they are easily detected.
However, pathologic differentiation is impossible with
prenatal ultrasound.

Associated Abnormalities

The following abnormalities are characteristically
associated with fetal chest masses:

e Pulmonary hypoplasia
e Congenital heart disease
e Tracheal atresia

Sonographic Signs
The following are the characteristic sonographic signs
of fetal chest masses:

¢ Presence of a sonographically complex mass in the
thoracic cavity (Figure 7-27)

¢ Displaced mediastinal structures
¢ Pleural effusions

Figure 7-27. Sonographic findings in a fetus with a chest mass.
Transverse section demonstrates a complex mass (arrows) in the
thoracic cavity with a laterally displaced heart (H).

HEART AND GREAT VESSEL ABNORMALITIES

Cardiovascular abnormalities are among the most
common congenital defects. The incidence of con-
genital heart disease is estimated to be approximately
1in 100 live births.”- 21 Like the range of central
nervous system anomalies assessed in sonographic
studies, the spectrum of cardiovascular defects
subject to ultrasound examination spans a breadth
that is beyond the scope of a sonography review text.
However, major abnormalities that are incompatible
with postnatal life or that portend significant clinical
sequelae are identifiable during the course of a routine
obstetric sonogram.

Anomalous conditions that can be detected during a
routine sonographic survey of the fetal anatomy are
presented here. If cardiac abnormalities are detected
on an initial obstetric examination, or if there is strong
suspicion on the basis of clinical data that there is a
cardiovascular problem, a complete fetal echocar-
diographic study should be performed as a separate
procedure by those with expertise in the field.

As a means of review for sonographic practitioners, the
universe of cardiac anomalies is distilled into categories
consistent with how the condition may appear during
the course of a routine obstetric ultrasound examina-
tion (Table 7-4): septal defects, conotruncal anomalies,
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Figure 7-44. Supraventricular tachycardia. M-mode demonstra-
tion of a subjectively rapid heart rate (arrow).

Figure 7-45. Atrial flutter. M-mode demonstration of rapid atrial
contractions greater than 300 beats per minute.

Sonographic Signs

The following are the characteristic sonographic signs

seen with fetal supraventricular tachycardia:

¢ Real-time demonstration of a subjectively rapid heart
rate (Figure 7-44)

* M-mode demonstration of heart rate > 180 bpm

Atrial Flutter

Atrial flutter, another form of tachyarrhythmia, is char-
acterized by an atrial contraction rate of 300-600 bpm
with a variable, but increased, ventricular contraction
rate (Figure 7-45). While atrial flutter may be an isolated
finding, it can be associated with Ebstein’s anomaly

Figure 7-46. Premature ventricular contractions (arrows).
M-mode demonstration of excess ventricular contractions (V) in
relation to atrial contractions (A).

and pulmonary stenosis. If it persists throughout gesta-
tion, hydrops fetalis becomes a serious concern.

Sonographic Signs
The following are the characteristic sonographic signs
seen with atrial flutter:

¢ Real-time demonstration of subjectively rapid atrial
contractions with normal to increased ventricular
contraction rate.

* M-mode demonstration of an atrial contraction rate
> 300 bpm

Premature Ventricular Contractions

Premature ventricular contractions (PVCs) (Figure 7-46)
are ectopic ventricular contractions usually punctuated
by compensatory pauses as the heart's electrical sys-
tem “reboots.” PVCs can be associated with concomi-
tant cardiac pathology such as myocarditis, cardiac
tumors, long QT syndrome, electrolyte imbalances, and
complete atrioventricular block. Most isolated sono-
graphically identified PVCs resolve spontaneously prior
to birth or within 6 weeks after birth.

Sonographic Signs

The characteristic sonographic sign seen with prema-
ture ventricular contractions is a real-time demonstra-
tion of early contraction of the ventricle without a
preceding atrial contraction.

Premature Atrial Contractions

Premature atrial contractions (PACs) (Figure 7-47)
are ectopic atrial contractions also punctuated by



Figure 7-47. Premature atrial contraction (arrow).
M-mode demonstration of atrial contractions (A)
before passive ventricular filling (V).

compensatory pauses. They are rarely associated with
other congenital cardiac anomalies and are usually
self-limiting, do not compromise cardiac function, and
resolve spontaneously either in utero or shortly after
birth.

Sonographic Signs

The characteristic sonographic sign seen with prema-
ture atrial contractions is early atrial contraction before
passive ventricular filling.

Atrioventricular Block

Atrioventricular block (AV block) is a bradyarrhythmia
caused by abnormalities in cardiac conduction. This
condition is characterized by an atrial contractile
rhythm independent of ventricular contractile rhythm.
While dissociated atrial and ventricular contractions can
be an isolated and serendipitous observation during
routine sonographic examination, persistent congenital
complete AV block (CAVB) is also associated with con-
comitant cardiac anomalies, accompanied by the risk of
developing hydrops fetalis, in 35%-53% of cases.?

Sonographic Signs

The following are the characteristic sonographic signs

seen with atrioventricular block:

» Real-time demonstration of atrial contraction rhythm
independent of ventricular contraction rhythm (Fig-
ure 7-48)

* M-mode demonstration of a ventricular contraction
rate < 70 bpm
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Figure 7-48. Atrioventricular block. M-mode demonstration of
atrial contraction (A) rhythm independent of ventricular contraction
(V) rhythm.

CHAPTER 7 REVIEW QUESTIONS

1. All of the following cardiac segments are assessed
during the course of a routine sonographic exami-
nation of the fetal heart EXCEPT:

A. Visceroatrial situs

B. Ventricular loop

C. Truncus arteriosus

D. Abdominal visceral situs

2. Which of the following would be an indication for
fetal echocardiography?

A. Dextrocardia

B. Two-vessel umbilical cord

C. Increased diameter of nuchal lucency
D. All of the above

3. Approximately what percentage of fetal blood
flows across the foramen ovale into the left
atrium?

A. 20%
B. 30%
C. 40%
D. 60%

4. All of the following fetal cardiac anomalies can be
detected on a four-chamber view EXCEPT:

A. Transposition of the great vessels
B. Single ventricle



17. An anomalous condition characterized by an
accessory fragment of lung that has no connection
to the tracheobronchial tree and that maintains its
own, separate arterial circulation is:

A. Cystic adenomatoid malformation
B. Diaphragmatic hernia

C. Pulmonary sequestration

D. Diaphragmatic eventration

18. Fetal pleural effusion is also called:
A. Hydrothorax

B. Pyothorax

C. Hydrops fetalis

D. Pulmonary hypoplasia

19. In this image the structure identified as #1 is the:

24.

A. Right ventricle
B. Left ventricle
C. Right atrium
D. Left atrium

20. In the image accompanying question 19 the

structure identified as #2 is the:
A. Right ventricle

B. Left ventricle

C. Right atrium

D. Left atrium

21. In the image accompanying question 19 the

structure identified as #3 is the:
A. Pulmonary artery

B. Pulmonary vein

C. Inferior vena cava

D. Aortic root

22.

23.
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In the image accompanying question 19 the
structure identified as #4 is the:

A. Right atrium

B. Left atrium

C. Pulmonary artery
D. Superior vena cava

The anomaly demonstrated in this image is:

A. Aortic coarctation

B. Transposition of great vessels
C. Patent ductus arteriosus

D. Pulmonary stenosis

The arrow in this image points to:

A. Pulmonary sequestration

B. Pericardial tumor

C. Cystic adenomatoid malformation of the lung
D. Pleural effusion
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25. The anomaly demonstrated in this image is:

A. Mitral atresia

B. Pulmonary stenosis

C. Patent foramen ovale

D. Patent ductus arteriosus

26. This image demonstrates:

A. Normal lung/liver echogenicity

B. Pulmonary sequestration

C. Cystic adenomatoid malformation of the lung
D. Cystic fibrosis

27. This image demonstrates:

28.

A. Diaphragmatic hernia

B. Pulmonary sequestration

C. Cystic adenomatoid malformation of the lung
D. Cystic fibrosis

This image best demonstrates:

A. Diaphragmatic hernia

B. Duodenal atresia

C. Ectopia cordis

D. Cystic adenomatoid malformation

ANSWERS
See Appendix A on page 480 for answers.
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